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(54) Method of printing test pattern and printing apparatus for the same 



(57) In a printer that allows dual- way printing, a test 
pattern is tonmed to adjust the print timing with high ac- 
curacy, i.e. to eliminate a deviation of dots created In the 
course of a main scan in both a backward and forward 
direction. The test pattern Is based on a normal dither 
matrix, and includes a plurality of dots regularly ar- 
ranged both in a main scanning direction and in a sub- 
scanning direction. Whan the test pattern is printed at 
an appropriate timing, It is seen as a substantially ho- 
mogeneous state without unevenness of density (Fig. 
8). Where dot print timing Is deviated, on the other hand, 



a deviation in dot interval causes unevenness of density 
(Fig. 9). The deviation of the dot print timing is accurately 
detected based on the presence or the non-presence of 
such unevenness. When the interval ot the dots is set 
equal to an Interval that realizes a spatial frequency giv- 
ing a high visual sensitivity, unevenness of the density 
is more prominently observable. The deviation of the dot 
print timing may alternatively be detected by taking ad- 
vantage of a moire pattern, which is caused by an over- 
lap of an inspection pattern, e.g. parallel lines or a nor- 
mal dither matrix, with reference lines, e.g. oblique or 
vertical parallel lines. 
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Description 

[0001] The present invention relates to a printer that 
allows dual-way printing and forms dots on a printing 
medium by main scans in both a forward direction and s 
a backward direction, thereby printing an image. More 
specifically the present invention pertains to a technique 
that prints a test pattern in such a printer 
[0002] An ink jet printer is one typical example of print- 
ing apparatuses, in which a print head reciprocates in a io 
main scanning direction to scan a printing medium in a 
sub-scanning direction and print an image. In these 
printers, the print head generally has a plurality of noz- 
zles (hereinafter referred to as a multi-head), in order to 
improve the printing speed. In printers that allow color is 
printing, a multi-head is generally provided for each 
color ink. 

[0003] Some of these printers create dots not only in 
the course of the fon/vard motion of the main scan but 
in the course ot the backward motion of the main scan, 20 
in order to further improve the printing speed. In this 
printer, deviation of the dots created in the course of the 
backward motion of the main scan from the planned po- 
sitions corresponding to the dots created in the course 
of the forward motion of the main scan results in unsuc- 2S 
cessful printing of an image. This phenomenon is 
caused by a variety of factors, for example, the backlash 
or the play required for the driving mechanism of the 
printer and the difference in thickness ot the sheet used 
as the printing medium. 30 
[0004] Figs. 44 and 45 show a deviation of dots due 
to the thickness of the sheet. In the example shown in 
Fig.44, a dot dtll is formed on a sheet of paper PA1 in 
the course of the forward motion of the main scan, and 
a dot dt1 2 is formed in the course of the backward mo- 3S 
tion of the main scan to be adjacent to the dot dtll . Noz- 
zles Nz spray droplets of ink Ikll and Ik12 at positions 
shown in Fig.44 by taking into account the speeds of the 
main scan in the forward direction and in the backward 
direction. The ink droplets Ikll and Ik12 draw the loci 40 
shown in Fig.44 and reach the target positions to form 
the dots dtll anddt12. 

[0005] Fig45 shows formation of the dots when a 
sheet of paper PA2 has a greater thickness. In this case, 
the distance between the nozzle Nz and the sheet of 45 
paper PA2 is smaller than the distance between the noz- 
zle Nz and the sheet of paper PA1 shown in Fig.44. 
When ink is sprayed at the same timings as those in Fig. 
44 in the forward course and the backward course of the 
main scan, droplets of ink Ik21 and Ik22 draw the loci so 
shown in Fig. 45 and reach the illustrated positions to 
form dots dt21 and dt22. The resulting dots dt21 and 
dt22 do not adjoin to each other, so that the resulting 
image is different from the image to be printed originally 
In order to obtain the image to be printed originally, the ss 
timing of spraying the ink in the backward course of the 
main scan should be delayed from the timing shown in 
Fig.45. 



[0006] The technique of adjusting the print timing 
based on the test pattern is adopted to eliminate such 
a deviation. This technique prints a predetermined test 
pattern while varying the dot print timing in the forward 
course and the backward course of the main scan. The 
dot print timing is selected that gives the optimum print- 
ing result among the test patterns printed at various tim- 
ings. As discussed above, the thickness of the sheet is 
one factor that causes the deviation of the print timing. 
The adjustment of the print timing should thus be carried 
out by the user of the printer, in addition to the time of 
the delivery of the printer. 

[0007] A line pattem as shown in Fig.46 is conven- 
tionally used as the test pattem. The upper half of each 
line shown in Fig.46 is printed by the forward motion of 
the main scan, whereas the lower half is printed by the 
backward motion of the main scan. Varying the dot print 
liming causes a change of the positional relationship be- 
tween the upper half and the lower half of each line as 
shown in (a) through (e). The line pattem of (c) is a fa- 
vorable image in which there is no relative deviation of 
the lower half from the upper half. The timing corre- 
sponding to the line pattem of (c) should accordingly be 
selected as the dot print timing. 
[0008] Another proposed technique (JAPANESE 
PATENT LAYING-OPEN GAZETTE No. 7-B1190) fills a 
predetermined area with dots to form a solid test pattem 
when the dot print timing is appropriate. Where the dot 
print timing is deviated from the appropriate timing, 
white streaks where no dots are formed appear in the 
area that is supposed to be solid. This technique selects 
the dot print timing that does not cause such white 
streaks as the appropriate dot print timing. 
[0009] TTie print timing may however, not be adjusted 
adequately with the line test pattem as shown in Fig.46. 
Fig46 shows the enlarged test patterns for convenience 
of explanation. In the actual state, however, each line 
consists of one array of dots, so that it is difficult to dis- 
tinguish the state of (b) or (d) from the ideal state of (c). 
The distinction is especially difficult for the unskilled user 
of the printer who is unfamiliar with the test patterns. In 
the recent advanced printers of high resolution, unsuc- 
cessful adjustment of the print timing may result in un- 
successful printing of an image. 
[0010] The print timing may also not be adjusted ad- 
equately with the solid test pattem where a predeter- 
mined area is filled with dots. The white streaks are ex- 
tremely narrow, so that the ink blot on the paper makes 
it difficult to identify such white streaks. 
[0011] The object of the present invention is thus to 
provide a technique that appropriately adjusts the print 
timings in a forward course and a backward course of a 
main scan. 

[001 2] At least part of the above and the other related 
objects is realized by a method of printing a test pattern 
on a printing medium by driving a print head to create 
dots while carrying out a main scan, which moves the 
print head forward and backward relative to the printing 
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medium in a main scanning direction. The method in- 
cludes the steps of: 

(a) creating dots at a first timing that form a first pat- 
tern in the course of the main scan in the fonvard s 
direction, wherein the first pattern includes a dark 
portion having a certain area and a light portion hav- 
ing an area greater than the area of the dark portion 
that alternately appear at a first cycle In the main 
scanning direction in a predetermined first section io 
of the printing medium; and 

(b) creating dots at a second timing that is supposed 
to form a second pattem in the course of the main 
scan in the backward direction, wherein the second 
pattem includes a dark portion having a certain area is 
and a light portion having an area greater than the 
area of the dark portion that alternately appear at a 
second cycle in the main scanning direction in a pre- 
determined second section of the printing medium, 
the predetermined second section at least partly so 
overlapping the predetermined first section, and 
wherein the dark portion of the first pattem and the 
dark portion of the second pattern appear at a fixed 
interval in the main scanning direction in the over- 
lapped area 25 

[0013] The present invention is also directed to a 
printing apparatus that drives a print headto create dots 
while carrying out a n^in scan, which moves the print 
head f onward and backward relative to the printing me- 30 
dium in a main scanning direction, the printing appara- 
tus carrying out a sub-scan that moves the printing me- 
dium relative to the print head in a sub-scanning direc- 
tion, which is perpendicular to the main scanning direc- 
tion, thereby printing an image on the printing medium. 3S 
The printing apparatus includes: a fonvard-course pat- 
tern formation unit that drives the print head at a first 
timing that fomis a first pattern in the course of the main 
scan in the forward direction, wherein the first pattern 
includes a dark portion having a certain area and a light 40 
portion having an area greater than the area of the dark 
portion that alternately appear at a first cycle in the main 
scanning direction in a predetermined first section of the 
printing medium; and a backward-course pattern forma- 
tion unit that drives the print head at a second timing 
that is supposed to form a second pattern in the course 
of the main scan in the backward direction, wherein the 
second pattern includes a dark portion having a certain 
area £ind a light portion having an area greater than the 
area of the dark portion that alternately appear at a sec- so 
ond cycle in the main scanning direction In a predeter- 
mined second section of the printing medium: the pre- 
determined second section at least partly overlapping 
the predetermined first section, and wherein the dark 
portion of the first pattern and the dark portion of the ss 
second pattem appear at a fixed inten^al in the main 
scanning direction in the overlapped area. 
[0014] In the printing apparatus and the method of 



printing a test pattern according to the present invention, 
one test pattern is printed by superposing the second 
pattern created in the course of the main scan in the 
backward direction upon the first pattem created in the 
course of the main scan in the fonward direction. The 
light-dark contrast appears repeatedly in the main scan- 
ning direction in both the first pattem and the second 
pattem. The area of the light portion is greater than the 
area of the dark portion in both the first pattem and the 
second pattern. The light-dark contrast thus appears re- 
peatedly in the main scanning direction in the test pat- 
tern obtained by superposing the second pattem upon 
the first pattem. When printing in the forward course of 
the main scan and printing in the backward course of 
the main scan are performed at the appropriate timings, 
the dark portions appear at fixed inten^ls in the main 
scanning direction in the resulting printed test pattem. 
When the inten/al is sufficiently small, the area where 
the test pattern is printed is visually observed as an area 
of uniform density as a whole. When the print timings 
are inappropriate, on the contrary, the interval between 
the dari^ portions of the test pattern is varied. In this 
case; the area where the test pattem is printed is visually 
observed as an area of uneven density as a whole. 
[001 5] In the printing apparatus and the method of the 
present invention, it is determined whether or not the 
print timing is appropriate, based on the evenness or the 
unevenness of the density in the whole area where the 
test pattern is printed. The visual sensitivity of the hu- 
man being is relatively high with respect to the uneven- 
ness of the density in the whole area. The printing ap- 
paratus and the method of the present invention accord- 
ingly enable the print timings In the forward course and 
the backward course of the main scan to be adjusted 
appropriately 

[0016] In the specification hereof, the light portion in- 
cludes an area that has a low density of dots as well as 
an area in which no dots are formed. 
[0017] In accordance with one preferable application 
of the method, the step (a) creates a plurality of dots that 
are apart from each other by a predetermined first inter- 
val in the main scanning direction and apart from each 
other by a predetermined second interval in a sub-scan- 
ning direction. The step (b) creates a plurality of dots at 
positions that are to satisfy at least either one of a posi- 
tion that is apart from each of the plurality of dots created 
in the step (a) by approximately half the predetermined 
first interval in the main scanning direction and a position 
that is apart from each of the plurality of dots created in 
the step (a) by approximately half the predetermined 
second interval in the sub-scanning direction. 
[0018] In accordance with one preferable application 
of the printing apparatus, the forward -course pattern for- 
mation unit drives the print head to create a plurality of 
dots that are apart from each other by a predetermined 
first Interval in the main scanning direction and apart 
from each other by a predetermined second interval in 
a sub-scanning direction. The backward-course pattem 
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formation unit drives the print head to create a plurality 
of dots at positions that are to satisfy at least either one 
of a position that is apart from each of the plurality of 
dots created by the forward-course pattern formation 
unit by approximately half the predetermined first inter- 
val In the main scanning direction and a position that is 
apart from each of the plurality of dots created by the 
f onward-course pattern fornwtion unit by approximately 
half the predetermined second interval in the sub-scan- 
ning direction. 

[001 9] When printing is carried out at the appropriate 
print timing, the test pattern obtained by superposing the 
second pattern created in the backward course of the 
main scan upon the first pattern created in the forward 
course of the main scan includes a plurality of dots that 
are arranged regulariy at fixed intervals both in the main 
scanning direction and in the sub-scanning direction in 
a specific area. This test pattern is visually observed as 
an homogeneous pattem without any un evenness of 
density. 

[0020] When the print timing is deviated from the ap- 
propriate state, on the other hand, the plurality of dots 
formed by the fonward motion and the backward motion 
of the main scan do not have uniformity. There are ac- 
cordingly dense-dot portions and sparse-dot portions. 
The dense-sparse contrast is obsen/ed as an uneven- 
ness of density in the area where the dots are created. 
The printing apparatus and the method of the above 
structure determine the existence or non-existence of 
unevenness of the density and thereby adjust the print 
timing appropriately. 

[0021] In the printing apparatus for printing the test 
pattem, it is preferable that the print head has a plurality 
of nozzles that are disposed at a predetermined nozzle 
interval, which is greater than a printing pitch of dots in 
the sub-scanning direction and that one of the predeter- 
mined second interval and the predetermined nozzle in- 
terval is an integral multiple of the other 
[0022] As described in the prior art, in the printing ap- 
paratuses that create dots to print an image, a plurality 
of nozzles are fomned on the print head. In some of these 
printers, the nozzle interval in the sub-scanning direc- 
tion is greater than the printing pitch in the sub-scanning 
direction. In these printers, the predetermined second 
interval, that is, the interval between the dots in the sub- 
scanning direction of the test pattern, is made coincident 
with an Integral multiple of the nozzle inten/al or the re- 
ciprocal of the integral multiple. This enables the lest 
pattem to be created efficiently, 
[0023] The predetemnined second interval includes 
the printing pitch in the sub-scanning direction. In this 
case, each of the first pattem and the second pattem 
includes a plurality of parallel lines arranged at an equal 
interval in the main scanning direction. 
[0024] In the printing apparatus of the present inven- 
tion, it is preferable that the dark portion of the first pat- 
tern and the dark portion of the second pattem alternate- 
ly appear in the main scanning direction at a spatial fre- 



quency of 0.4 to 2.0 cycles / mm in the overlapped area. 
[0025] As described above, the printing apparatus of 
the present invention determines the existence or non- 
existence of an unevenness of density appearing in the 

s printed test pattern and thereby adjusts the dot printing 
timing. It is generally known that the visual sensitivity of 
the human being is varied with a variation in spatial fre- 
quency. The visual sensitivity is relatively high in the 
range of the spatial frequency of 0.4 to 2.0 cycles / mm. 

10 Setting the spatial frequency of the test pattern in the 
range of 0.4 to 2.0 cycles / mm accordingly enables the 
light-dark contrast due to the deviatran of the dot print 
timing to be observed with a high sensitivity. From that 
point of view, it is not required to restrict the spatial f re- 

15 quency of the test pattern strictly to the range of 0.4 to 
2.0 cycles / mm. The spatial frequency of the test pattem 
may be out of this range as long as the unevenness of 
the density due to the deviation of the dot formation tim- 
ing is observable with a high sensitivity, 

20 [0026] From that point of view, the test pattem may 
be designed by the following method which is different 
from the conventional technique. 1 n a printer that creates 
dots while carrying out a main scan, which moves a print 
head forward and backward relative to a printing medi- 

2S um, the present invention is accordingly directed to a 
method of designing a test pattern formed by the main 
scan both in the forward direction and in the backward 
direction. The test pattern includes a plurality of dots cre- 
ated at a predetermined interval in a predetermined ar- 

30 ea. The method of designing a test pattern includes the 
steps of: 

specifying a spatial frequency that gives a high or 
maximum visual sensitivity of a human's eye with 
55 respect to lightness; and 

determining the predetermined inten/al of the dots, 
in order to cause a spatial frequency of the test pat- 
tern to be substantially equal to the specified spatial 
frequency. 

40 

[0027] In the test pattern designed according to this 
method of the present invention, the unevenness of the 
density due to the deviation of the print timing is readily 
observable. 

-^5 [0028] In accordance with one preferable application 
of the method of printing a test pattem according to the 
present invention, either one of the step (a) and the step 
(b) forms a third pattern superposed upon the first pal- 
tern and the second pattern, the third pattern enabling 
so a relative deviation of a printing position of the second 
pattem from a printing position of the first pattern to be 
observed as the appearance of light-dark stripes. 
[0029] In accordance with one preferable application 
of the printing apparatus according to the present inven- 
ts tion, either one of the f onward -course pattem formation 
unit and the backward-course pattern fornnation unit 
drives the print head to form a third pattem superposed 
upon the first pattem and the second pattem, the third 
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pattern enabling a relative deviation of a printing position 
of the second pattern from a printing position of the first 
pattern to be observed as the appearance of light-dark 
stripes. 

[0030J The printing apparatus of this structure creates 
the third pattern superposed upon the first pattern and 
the second pattern. The third pattern Is formed either in 
the forward motion or the backward motion of the main 
scan and is thereby not affected by the deviation of the 
print timing. The third pattern makes the relative devia- 
tion of the second pattern from the first pattern promi- 
nently obsen^able as the appearance of the light-dark 
stripes. In accordance with a concrete procedure, su- 
perposing the third pattern upon the first pattern and the 
second pattern causes interference of the three patterns 
and thereby creates light-daric stripes or a moire pattern. 
When the print timing of the backward motion of the 
main scan is deviated from the print timing of the forward 
motion of the main scan, the printed position of the sec- 
ond pattern is deviated relatively from the printed posi- 
tion of the first pattern. This results in a change of the 
moire pattern. In general, the deviation of the print timing 
causes the change of the moire pattern lo prominently 
appear Namely even a slight deviation of the print timing 
significantly changes the moire pattern. The printing ap- 
paratus and the method of this preferable arrangement 
accordingly enable the print timing to be readily adjusted 
at a high accuracy. In the specification hereof, the moire 
pattem denotes a variation in density caused by the in- 
terference of the three patterns, which includes the case 
where these three patterns do not intersect one another. 
[0031] The third pattem that can cause a moire pat- 
tern, for example, includes a plurality of parallel lines 
arranged at a fixed interval. The interval between the 
parallel lines constituting the third pattem is not specif- 
ically restricted. It is, however, preferable to select the 
inten^al that ascertains a prominent moire pattem based 
on the relation to the first pattem and the second pattern. 
[0032] A variety of patterns may be applicable for the 
first pattern and the second pattern in the printing appa- 
ratus that lakes advantage of the moire of the test pat- 
tern. By way of example, both the first pattem and the 
second pattem include a plurality of dots that are ar- 
ranged at predetermined intervals in the main scanning 
direction and in the sub-scanning direction. In another 
example, parallel lines in the sub-scanning direction 
may be formed by superposing the first pattern and the 
second pattem, which are printed at the appropriate tim- 
ings, upon each other. 

[0033] Among the variety of available patterns, it is 
preferable that the first pattem and the second pattem 
include a plurality of parallel lines arranged at a prede- 
termined interval. 

[0034] This arrangement gives a test pattem that 
causes a prominent moire pattern and is thereby suita- 
ble for the adjustment of the print timing. 
[0035] The parallel lines created as the third pattem 
may have any direction and interval. For example, the 



parallel lines constituting the third pattern may be par- 
allel to the sub-scanning direction. Among the patterns 
consisting of various parallel lines, it is preferable that 
the third pattern includes a plurality of parallel lines that 
s obliquely intersect a plurality of parallel lines constituting 
the first pattern and the second pattem at a predeter- 
mined angle. 

[0036] This arrangement gives a test pattem that 
causes a prominent moire pattern and is thereby suita- 
10 ble for the adjustment of the print timing. 

[0037] In this structure, it is preferable that the prede- 
termined angle is in a range of not less than 2 degrees 
and not greater than 1 0 degrees. 
[0038] The width of the stripes in the moire pattern is 
'fi changed with a variation in deviation of the print timing. 
The deviation of the print timing is given as the deviation 
of the interval in the main scanning direction between 
the dots created in the forward course of the main scan 
and the dots created in the backward course at the cur- 
20 rently specified print timing from the intenral between 
these dots created at the appropriate print timing. The 
change of the moire pattern depends upon the angle of 
intersection. When the angle of intersection is not great- 
er than 1 0 degrees, the width of the stripes in the moire 
pattem is proportional to the deviation of the print timing. 
In the case of an extremely small angle of intersection, 
the width of the moire stripes increases, and it is re- 
quired to expand the area where the test pattem is print- 
ed. Setting the angle of intersection to be not less than 
2 degrees allows the area where the test pattem is print- 
ed to be within a practical range. Even when the angle 
of intersection is out of the range of not less than 2 de- 
grees and not greater than 10 degrees, however, it is 
possible to determine the deviation of the print timing by 
taking advantage of the moire pattern. 
[0039] The printing apparatus that takes advantage of 
the moire pattem may further includes a camera with 
which a pattern printed on the printing medium is shot; 
and a detection unit that detects the relative deviation 
of the printing position of the second pattem from the 
printing position of the first pattern based on light-dark 
stripes appearing in the pattem shot with the camera 
[0040] The printing apparatus of this arrangement 
shoots the pattem printed on the printing medium as im- 
age data with the camera and automatically detects the 
deviation of the print timing based on the light-dark 
stripes of the input innage data. This an-angement ena- 
bles the deviation of the print timing to be recognized 
objectively and thereby ascertains accurate adjustment 
of the print timing. One preferable structure selects the 
appropriate print timing and thereby automatically ad- 
justs the print timing. A variety of techniques may be ap- 
plied to detect the deviation of the print timing based on 
the light-dark stripes. One concrete procedure stores in 
advance the relationship between the deviation of the 
print timing and the variation in width of the moire stripes 
and detenmines the deviation of the print timing based 
on the relationship. 
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[0041] An inspection printing medium discussed be- 
low may be used instead ot printing the third pattern as 
described above. The inspection printing medium has a 
third pattern that is printed in advance in a specified area 
of the inspection printing medium. The specified area at s 
least partly overlaps the predetermined first section in 
which the first pattern is formed in the forward course of 
the main scan and the predetermined second section in 
which the second pattern is formed in the backward 
course of the main scan. The third pattern enables a rel- io 
ative deviation of a printing position of the second pat- 
tern from a printing position of the first pattern to be ob- 
served as the appearance of light-dark stripes. 
[0042] Using the inspection printing medium of this ar- 
rangement also enables the print timing to be adjusted is 
readily by taking advantage of the moire pattern. 
[0043] In accordance with another preferable applica- 
tion, the printing apparatus of the present invention fur- 
ther includes a single -way pattern formation unit that 
drives the print head during the main scan only either in so 
the forward direction or in the backward direction to print 
a pattern that Is to be formed by both the forward-course 
pattern formation unit and the backward-course pattern 
formation unit in a specific area on the printing medium, 
the specific area being different from the predetermined 2$ 
first section in which the first pattern is formed by the 
forward-course pattern formation unit and the predeter- 
mined second section in which the second pattern is 
formed by the backward-course pattern fomnation unit. 
[0044] The printing apparatus of this arrangement 30 
prints the test pattern, which is to be formed by both the 
f onward-course pattern formation unit and the back- 
ward-course pattern formation unit, only in either of the 
forward course and the backward course of the main 
scan (hereinafter referred to as the single-way test pat- 3S 
tern). The single-way test pattern thus created is the ide- 
al test pattern without any deviation of the dot formation 
timing. The printing apparatus separately prints the test 
pattern in both the forward course and the backward 
course of the main scan (hereinafter referred to as the 40 
dual- way test pattern). The single-way test pattern and 
the dual-way test pattern are formed in different areas 
to avoid overlap. The printing apparatus of this structure 
compares the dual-way test pattern with the single-way 
test pattern and thereby readily adjusts the print liming. 4S 
[0045] These two test patterns may be printed in any 
different areas that allow the comparison between the 
dual- way test pattern and the single-way test pattern to 
be readily performed. For example, these test patterns 
may be printed in contact with each other or via a small so 
gap. Where a plurality of dual-way test patterns are 
printed at a variety of dot formation timings, the single- 
way test pattern may be located between the plurality of 
dual-way test patterns or printed at a predetermined po- 
sition in the vicinity of the dual-way test patterns. The ss 
structure of printing the single-way test pattern is appli- 
cable to the printing apparatus that takes advantage of 
the moire pattern. 



[0046] A printer that cannot print the single-way test 
pattern exerts similar effects to those described above 
by using a printing medium described below. The print- 
ing medium used in the method of printing a test pattern 
according to the present invention is characterized in 
that a test pattern to be formed by the main scan both 
in the forward direction and in the backward direction is 
printed in advance in a specified area at an optimum dot 
formation timing during the main scan in the backward 
direction, wherein the specified area at least partly does 
not overiap the predetermined first section in which the 
first pattern is formed by the main scan in the forward 
direction or the predetermined second section in which 
the second pattern is formed by the main scan in the 
backward direction. 

[0047] These and other objects, features, aspects, 
and advantages of the present invention will become 
more apparent from the following detailed description of 
preferred embodiments, given by way of example only, 
with the accompanying drawings, in which: 

Fig. 1 is a block diagram schematically illustrating 
structure of an image processing system including 
a printer 22 embodying the present invention; 
Fig, 2 schematically illustrates structure of the print- 
er 22; 

Fig. 3 illustrates stmcture of a print head 28 in the 
printer 22; 

Fig. 4 shows a principle of dot formatbn in the print- 
er 22 of the embodiment; 

Fig. 5 shows an arrangement of nozzle arrays 
formed on the print head 28; 
Fig. 6 shows an arrangement of dots formed by one 
nozzle array; 

Fig. 7 is a flowchart showing a routine of printing 
test patterns; 

Fig.8 shows a test pattern of a normal dither matrix 
formed at an appropriate print timing; 
Fig. 9 shows a test pattern of the normal dither ma- 
trix formed at a deviated print timing; 
Fig. 1 0 shows a test pattern of the normal dither ma- 
trix formed at a further deviated print timing; 
Fig. 11 shows a first example of the normal dither 
matrix; 

Fig. 12 shows a second example of the normal dith- 
er matrix; 

Fig. 1 3 shows a third example of the normal dither 
matrix; 

Fig. 14 is a graph showing visual sensitivity plotted 
against spatial frequency; 
Fig. 1 5 is a flowchart showing a method of designing 
a test pattern; 

Fig. 16 shows a first example of a test pattern print- 
ing sheet; 

Fig. 17 shows a second example of the test pattern 
printing sheet; 

Fig. 18 shows a third example of the test pattern 
printing sheet; 
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Fig. 19 shows a fourth example of the test pattern 
printing sheet; 

Fig.20 shows a first example of a test pattern printed 
in a second embodiment according to the present 
invention; 

Fig.21 shows a second example of the test pattern 
printed in the second embodiment; 
Fig! 22 shows a third example of the test pattern 
printed in the second embodiment; 
Fig, 23 shows a fourth example of the test pattern 
printed in the second embodiment; 
Fig.24 shows an inspection pattern formed in a third 
embodiment according to the present invention; 
Flg.25 shows reference lines formed in the third em- 
bodiment; 

Fig.26 shows a moire of a first test pattem formed 
at an appropriate print timing in the third embodi- 
ment; 

Fig.27 is an enlarged view showing the first test pat- 
tern recorded at the optimum print timing; 
Fig.2B is an enlarged view showing an inspection 
pattem formed at a deviated print timing; 
Fig. 29 shows a moire of the first test pattem formed 
at the deviated print timing; 
Fig. 30 is a graph showing the relationship between 
the deviation of the print timing and the width of the 
moire pattern: 

Fig. 31 shows a moire of a second test pattem 
formed at an appropriate print timing in the third em- 
bodiment; 

Fig. 32 shows a moire of the second test pattern 
formed at a deviated print timing, where the inspec- 
tion pattem consists of vertical lines; 
Fig. 33 shows a moire of the second test pattern 
formed at a deviated print timing, where the inspec- 
tion pattem consists of oblique lines; 
Fig.34 shows an inspection pattem for a third test 
pattem formed in the third embodiment: 
Fig. 35 shows a moire of the third test pattern formed 
at an appropriate print timing; 
Fig, 36 shows a moire of the third test pattern formed 
at a deviated print timing; 
Fig. 37 shows an inspection pattern lor a fourth test 
pattem formed in the third embodiment; 
Fig.SB shows a moire of the fourth test pattem 
formed at an appropriate print timing; 
Fig,39 shows a moire of the fourth test pattem 
formed at a deviated print timing; 
Fig.40 shows a printing medium applicable in the 
third embodiment; 

Fig-41 schematically illustrates structure of a printer 
22A as a fourth embodiment according to the 
present invention; 

Fig. 42 is a flowchart showing a routine of adjusting 
the print timing executed in the fourth embodiment; 
Fig,43 shows a result of printing in the fourth em- 
bodiment; 

Fig. 44 shows the positions of dot formation on a 



sheet PA1 of a certain thickness; 

Fig. 45 shows the positions of dot formation on a 

sheet PA2 of a greater thickness; and 

Fig. 46 shows a conventional test pattern, 

5 

[0046] An outline of a color image processing system 
is described with the drawing of Fig. 1 , in order to clarify 
the functions of a printer embodying the present inven- 
tion. The color image processing system includes a 

10 scanner 12, a personal computer 90, and a color printer 
22. The personal computer 90 has a color CRT display 
21 and an input unit 92, which Includes, for example, a 
keyboard and a mouse. The scanner 1 2 reads color im- 
age data from a color original and supplies original color 

'5 image data ORG, which consist of data of three color 
components R, G, and B, to the computer 90. 
[0049] The computer 90 includes a CPU, a RAfwl, and 
a ROM, which are not specifically illustrated herein. An 
applications program 95 runs under a predetermined 

20 operating system. A video driver 91 and a printer driver 
96 are incorporated in the operating system, and final 
color image data FNL are output from the applications 
program 95 via these drivers 91 and 96. The applica- 
tions program 95 reads an image with the scanner 12, 

2S causes the input image to be subjected to a predeter- 
mined processing operation, for example, retouch of the 
image, and displays a processed image on the CRT dis- 
play 21 via ttne video driver 91. When the applications 
program 95 outputs a printing instruction, the printer 

30 driver 96 in the computer 90 receives image information 
from the applications program 95 and converts the input 
image information to signals printable by the printer 22 
(binarized signals for the respective colors C, M, Y, and 
K). In the example of Fig. 1 , the printer driver 96 includes 

55 a rasterizer 97 that converts the color image data proc- 
essed by the applications program 95 into dot-based im- 
age data, a color correction module 98 that causes the 
dot-based image data to be subjected to color correction 
according to the ink colors C, M, and Y used by the print- 

40 er 22 and the colorimetric characteristics of the printer 
22, and a color correction table CT referred to by the 
color correction module 98. The printer driver 96 is fur- 
ther provided with a halftone module 99 that generates 
halftone irr^ge data, which express the density in a spe- 

45 cific area by the existence or non-existence of ink in 
each dot unit, from the color-corrected image data. The 
printer 22 receives the printable signals and prints im- 
age information on a printing sheet. 
[0050] Fig. 2 schematically illustrates structure of the 

50 printer 22. The printer 22 has a mechanism for feeding 
a sheet of paper P by means of a sheet feed motor 23, 
a mechanism for reciprocating a carriage 31 along the 
axis of a platen 26 by means of a carriage motor 24, a 
mechanism lor driving a print head 28 mounted on the 

55 carriage 31 to control discharge of ink and formation of 
dots, and a control circuit 40 for transmitting signals to 
and from the sheet feed motor 23, the carriage motor 
24, the print head 28, and a control panel 32, 
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[0051] The mechanism for feeding the sheet of paper 
P has a gear train (not shown) that transmits rotations 
of the sheet feed motor 23 to the platen 26 as well as a 
sheet feed roller (not shown). The mechanism for recip- 
rocating the carriage 31 includes a sliding shaft 34 ar- 
ranged in parallel with the axis of the platen 26 for slid- 
ably supporting the carriage 31 , a pulley 38, an endless 
drive beft 36 spanned between the carriage motor 24 
and the pulley 38, and a position sensor 39 that detects 
the position of the origin of the carriage 31 . 
[0052] A black ink cartridge 71 and a color ink car- 
tridge 72 for storing three color inks, that is, cyan, ma- 
genta, and yellow, may be mounted on the carriage 31 
of the printer 22. Four ink discharge heads 61 through 
64 are formed on the print head 28 that is disposed in 
the fower portion of the carriage 31 and ink supply con- 
duits 65 (see Fig. 3) are formed in the bottom portion of 
the carriage 31 to feed supplies of ink from ink tanks to 
the respective ink discharge heads 61 through 64. When 
the black ink cartridge 71 and the color ink cartrkige 72 
are attached downward to the carriage 31 , the ink supply 
conduits 65 are inserted into connection apertures (not 
shown) formed in the respective cartridges. This ena- 
bles supplies of ink to be fed from the respective ink car- 
tridges to the ink discharge heads 61 through 64. 
[0053] The following briefly describes the mechanism 
of discharging ink. When the ink cartridges 71 and 72 
are attached to the carriage 31 , supplies of ink in the ink 
cartridges 71 and 72 are sucked out by capillarity 
through the ink supply conduits 65 and are led to the ink 
discharge heads 61 through 64 formed in the print head 
28 arranged in the lower portion of the carriage 31 as 
shown in Fig. 3. Where the ink cartridges 71 and 72 are 
attached to the carriage 31 for the first time, a pump 
worics to suck first supplies of ink into the respective ink 
discharge heads 61 through 64. In this embodiment, 
structures of the pump for suction and a cap for covering 
the print head 28 during the suction are not illustrated 
nor described specifically. 

[0054] An array of thirty-two nozzles Nz is formed in 
each of the ink discharge heads 61 through 64 as shown 
in Fig. 5. A piezoelectric element PE, which has an ex- 
cellent response and is an electrically distorting ele- 
ment, is arranged for each nozzle Nz. Fig. 4 illustrates 
a configuration of the piezoelectric element PE and the 
nozzle Nz. The piezoelectric element PE is disposed at 
a position that comes Into contact with an ink conduit 80 
for leading ink to the nozzle Nz. As is known, the piezo- 
electric element PE has a crystal staicture that is sub- 
jected to a mechanical stress due to application of a volt- 
age and thereby can-ies out extremely high-speed con- 
version of electrical energy to mechanical energy In this 
embodiment, application of a voltage between elec- 
trodes on either ends of the piezoelectric element PE 
for a predetermined lime period causes the piezoelectric 
element PE to extend for the predetermined time period 
and deform one side wall of the ink conduit 80 as shown 
in the tower drawing of Fig. 4. The volume of the ink con- 



duit 80 is reduced with an extension of the piezoelectric 
element PE, and a certain amount of ink corresponding 
to the reduced volume is sprayed as an ink particle Ip 
from the end of the nozzle Nz at a high speed. The ink 
s particles Ip soak into the sheet of paper P set on the 
platen 26, so as to carry out printing. 
[0055] Fig. 5 shows an arrangement of ink jet nozzles 
in the ink discharge heads 61 through 54. The first head 
61 has a nozzle array for spouting black ink. Similarly 
'0 the second through the fourth heads 62 through 64 re- 
spectively have nozzle arrays for spouting cyan, magen- 
ta, and yellow inks. These four nozzle arrays occupy 
identical positions in the sub-scanning direction. 
[0056] Each of the four nozzle arrays includes thirty- 
's two nozzles Nz arranged in zigzag at a constant nozzle 
pitch k in the sub-scanning direction. The thirty-two noz- 
zles Nz included in each nozzle array may be arranged 
in alignment, instead of in zigzag. The zigzag arrange- 
ment as shown in Fig. 5, however, has the advantage 
20 of allowing a smaller nozzle pitch k to be set in the man- 
ufacturing process. 

[0057] Fig. 6 shows an arrangement of a plurality of 
dots formed by one nozzle array. In this embodiment, 
whether the ink nozzles are arranged in zigzag or in 

25 alignment; driving signals are supplied to the piezoelec- 
tric elements PE (Figs, 3 and 4) of the respective noz- 
zles, in order to cause a plurality of dots formed by one 
nozzle array to be arranged substantially in alignment 
in the sub-scanning direction. By way of example, it is 

30 assumed that the nozzle array has nozzles arranged in 
zigzag as shown in Fig. 5 and that the head 61 is 
scanned rightward in the drawing to form dots. In this 
case, a group of preceding nozzles 100, 102, ... receive 
driving signals at an earlier timing by d/v [second) than 

55 a group of following nozzles 101. 103 ... In the drawing 
of Fig. 5, d [inch] denotes the pitch between the two noz- 
zle groups in the head 61 , and v [inch/second] denotes 
the scanning speed of the head 61 . A plurality of dots 
formed by one nozzle array are accordingly arranged 

40 substantially in alignment in the sub-scanning direction. 
All the thirty-two nozzles formed in each of the heads 
61 through 64 are not always used, and only some of 
the nozzles may be used according to the dot printing 
technique. 

45 [0058] As shown in Fig. 2, the control circuit 40 in- 
cludes a programmable ROM (PROM) 42, which is a 
rewritable non-volatile memory, other than a CPU and 
main memories (a ROM and a RAM), which are not spe- 
cifically illustrated herein. In the printer 22 of the embod- 

50 iment, the print mode is switched between a single-way 
printing mode, in which dots are created only during for- 
ward motions of the carriage 31 , and a dual-way printing 
mode, in which dots are created during both forward and 
backward motions o! the carriage 31 . Mode spectfica- 

55 tion information which specifies a selected mode is 
stored in the PROM 42. Plural pieces of dot printing 
mode information, for example, information on the print 
timing at which dots are created in the dual-way printing 
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mode, are also stored in the PROM 42. At the time of 
activating the computer 90, the printer driver 96 reads 
the dot printing mode information from the PROM 42. 
Main scans and sub-scans are carried out according to 
the dot printing mode information. 
[0059] The PROM 42 may be any rewritable non-vol- 
atile memory and is, for example, an EEPROM or a flash 
memory. The dot printing mode information may be 
stored in the non- re writable ROM, although it is prefer- 
able that the mode specification infomiation is stored in 
the rewritable non-volatile memory. The plural pieces of 
dot printing mode information may be stored in a storage 
device other than the PROM 42 or alternatively in the 
printer driver 96. 

[0060] In the printer 22 of the embodiment having the 
hardware structure discussed above, while the sheet 
feed motor 23 rotates the platen 26 and the other related 
rollers to feed the sheet of paper P {hereinafter referred 
to as the sub-scan), the carriage motor 24 drives and 
reciprocates the carriage 31 (hereinafter referred to as 
the main scan), simultaneously with actuation of the pi- 
ezoelectric elements PE on the respective ink discharge 
heads 61 through 64 of the print head 28, The printer 
22 accordingly sprays the respective color inks to create 
dots and thereby forms a multi-color image on the sheet 
of paper R 

[0061] The following describes a method of adjusting 
the dot print timing when the printer 22 Is set in the dual- 
way printing mode. When an instruction is given to carry 
out printing in an adjustment mode through operation of 
the input unit 92, the computer 90 causes the printer 22 
to print a test pattern stored in the ROM via the printer 
driver 96. The process of printing the test pattern is sim- 
ilar to the process of printing the image information de- 
scribed above. Part of the test pattern is fomned during 
a forward motion of the carriage 31, whereas the resid- 
ual part is formed during a backward motion of the car- 
riage 31 . Although the printer 22 of the embodiment can 
print color images, the test pattern is printed in a single 
color, i.e., black, since monochromatic printing is suffi- 
cient for adjustment of the dot print timing. 
[0062] In order to adjust the dot print timing in the du- 
al-way printing mode, the computer 90 prints the test 
patterns while varying the dot printing timing during the 
backward motions of the carriage 31 . Fig. 7 Is a flow- 
chart showing a routine of printing test patterns. The 
computer 90 first initialize the dot print timing at step 
SlO.and print dots during the forward motion at step 
SIS. Next the computer 90 prints dots during the back- 
ward motion at step S20, and changes the dot print tim- 
ing at step S25. The dot print timing is stored in the 
PROM 42 of the printer 22 as mentioned above, and the 
printer driver 96 reads the dot print timing from the 
PROM 42 at the time of activating the computer 90. Un- 
less printing test patterns are completed at step S30, 
the computer 90 sub-scans at step S35 and prints dots 
during the forward motion again. The computer 90 prints 
the test patterns at the specified dot print timing for the 



dual-way printing mode and at the varied dot print tim- 
ings that are quickened and delayed from the specified 
dot print timing in a predetemnined range. A symbol that 
identifies each dot print timing is printed simultaneously 
s in the vicinity of each test pattern printed at each dot 
print timing. 

[0063] The user of the printer 22 compares the plural- 
ity of test patterns printed in the above manner and se- 
lects the test pattern of the optimum image. The symbol 

10 printed in the vicinity of the selected test pattern is input 
Into the computer 90 through operation of the input unit 
92. The printer driver 96 then causes the printer 22 to 
carry out a printing operation at the dot print timing cor- 
responding to the input symbol. This completes adjusl- 

'5 ment of the dot print liming of the printer 22. The newly 
specified dot print timing is stored into the PROM 42 of 
the printer 22. Since this piece of infomnation is not 
erased by a power-off operation, it is not required to ad- 
just the dot print timing frequently 

20 [0064] Adjustment of the dot print timing is not restrict- 
ed to this method. Another available technique repeat- 
edly inputs the dot print timing and prints the test pattern 
at the input dot print timing, so as to update the dot print 
timing successively to the optimum state. The functions 

25 corresponding to the printer driver 96 and the input unit 
92 of the computer 90 may be incorporated into the print- 
er 22. In this case, the printer 22 can adjust the dot print 
timing independently. 

[0065] Figs. 8 through 13 show test patterns formed 
30 by the printer 22 of the embodiment. The printer 22 of 
the embodiment prints a plurality of dots arranged to 
form a normal dither matrix as the test pattern. The nor- 
mal dither matrix is a pattern, in which dots are arranged 
regularly both in the main scanning direction and in the 
35 sub-scanning direction. Fig. 11 is an enlarged view illus- 
trating a concrete example of the test pattern. This test 
pattern is printed at the optimum dot print timing. In the 
drawing of Fig.1 1 . circles represent the dots created by 
the forward motion of the carriage 31, whereas squares 
represent the dots created by the backward motion of 
the carriage 31. An interval d1 between the adjoining 
dots in the main scanning direction created by either one 
of the f onward motion and the backward motion of the 
carriage 31 is identical with an interval d2 between the 
adjoining dots in the sub-scanning direction created by 
either one of the forward motion and the backward mo- 
tion of the carriage 31, and coincides with the nozzle 
pitch k discussed in Fig. 6. An interval d3 between the 
adjoining dots in the main scanning direction respective- 
ly created by the forward motion and the backward mo- 
tion of the carriage 31 is identical with an Inten/al d4 be- 
tween the adjoining dots in the sub-scanning direction 
respectively created by the fonward motion and the 
backward motion of the carriage 31 , and coincides with 
half the nozzle pitch k (k/2). Namely the lest pattern in- 
cludes a plurality of dots that are arranged regularly and 
apart from one another by the distance of k/2 both in the 
main scanning direction and in the sub-scanning direc- 
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tion. 

[0066] Figs. 8 through iO show the test patterns at 
different dot print timings. These drawings are also en- 
larged views, and the test pattern actually formed has 
finer dots arranged at narrower tnten^als. Fig.6 shows s 
the test pattern formed at the optimum dot print timing. 
The dot print timing is varied in the sequence of Figs. 8, 
9, and 10. The right-side views show enlarged parts of 
the respective test patterns. Dots D1 specified by the 
downward arrows are created during a forward motion io 
of the carriage 31 (hereinafter referred to as the forward- 
course dots D1), and dots 02 specified by the upward 
arrows are created during a backward motion of the car- 
riage 31 (hereinafter referred to as the backward-course 
dots 02). IS 
[0067] In the test pattern shown in Fig. 8, the forward- 
course dots D1 and the backward-course dots D2 are 
arranged regularly at a fixed inten^al, so that the whole 
test pattern is observed as a homogeneous state with 
no unevenness of density. The inten^al between the for- so 
ward-course dots D1 and the backward-course dots D2 
in the main scanning direction is equal to k/2 as men- 
tioned previously. In the test pattem of Fig. 9, on the oth- 
er hand, the backward-course dots D2 are shifted a little 
rightward in the drawing. The interval between the for- 2S 
ward-course dots D1 and the backward-course dots D2 
in the main scanning direction is greater than k/2 on the 
left side of the backward-course dots D2 and is less than 
k/2 on the right side of the backward-course dots D2. 
The bias of the dot intervals causes unevenness of the 30 
density in the lest pattem of Fig. 9. In the test pattem of 
Fig.10. the backward-course dots D2 are further shifted 
rightward, and the inten/al between the forward-course 
dots D1 and the backward-course dots D2 in the main 
scanning direction is further biased. This results in 3S 
greater unevenness of the density in the test pattern of 
Fig.10, compared with that of Fig. 9. 
[0068] The test pattem based on the normal dither 
matrix is printed at a variety of dot print timings. The dot 
print timing of the printer 22 is adjusted by selecting the 40 
test pattem that has least unevenness of the density and 
is printed most homogeneously. This method detects 
the deviation of the dot print timing as the difference in 
density of the test pattem printed in a given area. The 
vision of the human being is sensitive to such uneven- 
ness of the density. The test pattem of the embodiment 
enables the deviation of the dot print timing to be detect- 
ed more readily and accurately, compared with the con- 
ventional line test pattem shown in Fig.46. 
[0069] The test pattem is not specifically restricted but 50 
may have any arrangement as long as the test pattem 
can be observed as a substantially homogenous state 
without any unevenness of density when it is printed at 
the appropriate dot print timing. By way of example, the 
test pattem of Fig. 12 or the test pattern of Fig.13 may BS 
be adopted instead of the test pattem of Fig. 11 dis- 
cussed above. In the test pattern of Fig. 12, the fonward- 
course dots are arranged regularly at the interval d1 in 



the main scannirig direction and at the interval d2 in the 
sub-scanning direction. The inten/al d1 is double the in- 
ten/al d2 in the test pattem of Fig.12, whereas the inter- 
val d1 is equal to the interval d2 in the test pattern of 
Fig.11. In the test pattem of Fig. 12. like the f onward- 
course dots, the backward-course dots are arranged 
regularly at the interval d1 in the main scanning directran 
and at the inten^al d2 in the sub-scanning direction. The 
interval between the lonward-course dots and the back- 
ward-course dots is equal to d 1/2 in the main scanning 
direction and equal to zero in the sub-scanning direc- 
tion. This means that the forward-course dots and the 
backward-course dots are aligned at the same position 
in the sub-scanning direction. The interval d1/2 is equal 
to the interval d2. When this test pattern is printed at the 
appropriate dot print timing, the dots are regularly ar- 
ranged at the interval d2 as shown in Fig. 12 and ob- 
served as a substantially homogeneous state without 
any unevenness of the density. The main scanning di- 
rection and the sub-scanning direction may be ex- 
changed in the test pattem of Fig. 1 2. In other words, the 
test pattem of Fig. 12 may be rotated by 90 degrees. 
[0070] The difference of the test pattem shown in Fig. 
13 from the test pattem shown in Fig. 12 is that both the 
forward-course dots and the backward-course dots are 
arranged in zigzag. When this test pattern is printed at 
the appropriate dot print timing, the dots are regularly 
arranged at the interval d2 as shown in Fig. 13 and ob- 
served as a substantially homogenous state without any 
unevenness of density. 

[0071] In all these examples of Figs. 8 through 12, the 
dots are unifonnly arranged at a fixed inten/al both in 
the main scanning direction and in the sub-scanning di- 
rection when the test pattern is printed at the appropriate 
dot print timing. It is, however, not essential to arrange 
the dots at a fixed interval in both the directions. The 
only requirement is that the dots are arranged uniformly 
at a fixed interval in each scanning direction. By way of 
example, in the lest pattem of Fig.11, the interval d1 in 
the main scanning direction may be different from the 
interval d2 in the sub-scanning direction. In this case, 
one of the interval d1 in the main scanning direction and 
the interval d2 in the sub-scanning direction may be sev- 
eral times the other In another example, the interval d1 
in the nnain scanning direction and/or the interval d2 in 
the main scanning direction may be different from the 
nozzle pitch k. 

[0072] . The printer 22 of this embodiment may print the 
test pattern shown in Fig. 1 1 at the interval d1 in the main 
scanning direction and at the interval d2 in the sub-scan- 
ning direction, which respectively realize the spatial fre- 
quency of 1 cycle / mm. The spatial frequency repre- 
sents the frequency of a variation in density of the print- 
ed test pattem. In the test pattern o! Fig. 11 , the area in 
which the forward-course dots are created and the area 
in which the backward-course dots are created corre- 
spond to dark portions, whereas the area in which no 
dots are created corresponds to a light portion. As men- 
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tioned previously, in the specification hereof, the light 
portion implies both the area in which no dots are formed 
and the area that has a low density of dots. For example, 
the test pattern of Fig. 1 1 is observed successively in the 
main scanning direction from the forward-course dots s 
printed on the left most column (column c1 in Fig.11). 
The column c1 . on which the forward-course dots are 
formed, is a dark column^ and the innmediate right-hand 
column (column c2) of c1 is a light column. The right- 
hand column (column c3) of c2 on which the backward- 
course dots are formed is a dark column, and the right- 
hand column (column c4) of c3 is a light column. The 
density is changed twice in the range from the forward- 
course dots printed on the column c1 to the next for- 
ward-course dots printed on a column c5. Taking into '5 
account the case in which the dot print timing is deviated 
as shown in Fig. 9, the density change has a cycle of two 
variations appearing in the interval d1 between a certain 
column of the fonvard-course dots and a next column of 
the tonward-course dots. When the interval d1 In the 20 
main scanning direction is 1 mm, the spatial frequency 
in the main scanning direction is equal to 1 cycle / mm. 
Similarly in the examples of Figs. 12 and 13, when the 
interval d1 in the main scanning direction is 1 mm, the 
spatial frequency in the main scanning direction is equal 2S 
to 1 cycle / mm. 

[0073] It is generally known that the visual sensitivity 
of the human being to the noise of a printed image varies 
with a variation in spatial frequency This relationship is 
shown in the graph of Fig. 14. The curve of the visual 30 
sensitivity-spatial frequency characteristics is known as 
the visual transfer function (VTF). where the spatial fre- 
quency is plotted as abscissa and the visual sensitivity 
at each spatial frequency as ordinate. The graph shows 
that the visual sensitivity is relatively high at the spatial 35 
frequency in the range of 0.4 to 2.0 cycles / mm and has 
a maximum at the spatial frequency of approximately 1 
cycle / mm. The test patterns of the above examples are 
printed at this spatial frequency, so that unevenness of 
the density due to a deviation of the dot print timing is 40 
observable with a high sensitivity. This accordingly en- 
ables the dot print timing to be adjusted accurately. 
[0074] Adjustment of the dot print timing eliminates a 
possible deviation occurring in the main scanning direc- 
tion, so that a spatial frequency giving a high visual sen- 
sitivity only in the main scanning direction may be se- 
lected. By way of example, the interval d1 in the main 
scanning direction is set equal to 1 mm from the view- 
point of the spatial frequency whereas the inten^al d2 
in the sub-scanning direction coincides with the nozzle so 
pitch k from the viewpoint of efficient formation of the 
test pattern. 

[0075] The following describes a method of designing 
a test pattern by taking into account a variation in visual 
sensitivity against spatial frequency Fig. 15 is a flow- ss 
chart showing a method of designing a test pattern. As 
clearly understood from the graph of Fig. 14, the visual 
sensitivity is relatively high in the range of the spatial 



frequency of 0.4 to 2.0 cycles / mm. The spatial frequen- 
cy of the test pattern is accordingly selected in this range 
at step S50. Here it is not necessary to select the spatial 
frequency of approximately 1 cycle / mm that gives the 
maximum visual sensitivity. A spatial frequency giving 
sufficient visual sensitivity should be selected according 
to the adjustment accuracy of the target dot print timing. 
The reciprocal of the selected spatial frequency is set to 
the inten/als of the forward-course dots (d1 and d2 in 
the example of Fig. 11) in the test pattern at step S60. 
Where the visual sensitivity with respect to lightness in 
the vertical directbn is different from that in the lateral 
direction, the inten/als d1 and d2 may be set separately 
according to the spatial frequencies that respectively 
give the high visual sensitivities. The intervals of the 
backward-course dots (d3 and d4 in the example of Fig. 
11 } are set to satisfy at least one of the following rela- 
tions at step S70: d3 = d1/2 and d4 = d2/2. This results 
in designing a favorable test pattern. 
[0076] The test pattern thus designed is sufficiently 
applied to adjust the dot print timing. In the printer 22 of 
this embodiment with a plurality of nozzles formed on 
the head as shown in Fig. 5, the interval d2 in the sub- 
scanning direction may be coincident with an integral 
multiple of the nozzle pitch k or the reciprocal of the in- 
tegral multiple. This enables the test pattern to be 
formed efficiently at a spatial frequency giving high vis- 
ual sensitivity. The interval dl in the main scanning di- 
rection may further be made coincident with the interval 
d2 in the sub-scanning direction. This structure ascer- 
tains the uniformity of the test pattem both in the main 
scanning direction and in the sub-scanning direction. As 
discussed above, the test pattem can be designed ac- 
cording to the adjustment accuracy of the target dot print 
timing by taking into account the relationship between 
the spatial frequency and the visual sensitivity. 
[0077] Some examples of test pattern printing sheets 
used for the printer 22 are shown in Figs. 1 6 through 1 9. 
These test pattem printing sheets are used to facilitate 
the accurate adjustment ol the dot print timing in the 
printer 22 of the embodiment. Test patterns, which are 
formed at the optimum timing (corresponding to Fig.8), 
are printed in advance at a predetermined interval along 
the left and right ends ot the test pattem printing sheet 
shown in Fig. 1 6. The printer 22 of the embodiment prints 
a test pattem in a dot printing area that exists on the 
central portion of the test pattem printing sheet. Using 
this test pattem printing sheet allows direct comparison 
of the currently printed test pattern with the pre-printed 
test pattems, thereby enabling the dot print timing to be 
adjusted relatively easily at a high accuracy The test 
pattern printing sheet enables even an unskilled user of 
the printer who is unfamiliar with the test pattems to eas- 
ily and accurately adjust the dot print timing. 
[0078] Arrangement of the pre-printed test patterns is 
not restricted to the example shown in Fig. 16, but may 
be any form that allows direct comparison of a currently 
printed test pattern with the pre-printed test patterns. 
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Other available examples include an arrangement of- 
pre-printed test pattems along upper and lower ends of 
the printing sheet as shown in Fig. 17, an arrangement 
of a pre-printed test pattern at a predetermined position 
in the printing sheet as shown in Fig. 18, and an arrange- s 
ment of pre-printed test pattems at predetermined inter- 
vals in the sub-scanning direction as shown in Fig.19. 
The pre-printed test pattern may partly overlap the test 
pattern currently printed by the printer 22, as long as a 
non -overlapped area exists. For example, in the case of JO 
the printing sheet shown in Fig.1 9, misalignment of the 
printing sheet on the platen 26 of the printer 22 may 
cause an overlap of the currently printed test pattern 
with the pre-printed test pattern. There is, however, still 
a non-overlapped portion because of the an-angement is 
of the pre-printed test patterns at the predetermined in- 
ten^als in the sub-scanning direction. Any of these print- 
ing sheets can be used to adjust the dot print timing. 
[0079] The following describes a printer 22 as a sec- 
ond embodiment according to the present invention. 20 
The printer 22 of the second embodiment has the same 
hardware stmcture as that of the printer 22 of the first 
embodiment, and prints the same test pattem as that of 
the first embodiment shown in Fig. 11. The printer 22 of 
the second embodiment, however, applies a different 2S 
method of printing a test pattem from that of the first 
embodiment. 

[0080] The printer 22 of the second embodiment 
prints the normal dither matrix shown in Fig.ll by dual- 
way printing, which creates dots in the course of the mo- 30 
tions of the carriage 31 both in the fonward direction and 
in the backward direction like the first embodiment, or 
by single- way printing, which creates dots only in the 
course of the forward motions of the carriage 31 . In the 
case of single-way printing, all the dots shown by circles 3S 
and squares in Fig. 11 are printed in the course of the 
forward motions of the carriage 31 . There is no deviation 
of the dot print timing in the case of single-way printing, 
so that the test pattern is always printed in the optimum 
conditions. 40 
[0081] In response to an instruction to print a test pat- 
tern, the printer 22 of the embodiment prints a test pal- 
tern formed by the single- way printing (hereinafter re- 
ferred to as the single-way test pattem) adjacent to a 
test pattern formed by the dual-way printing (hereinafter 4S 
referred to as the dual -way test pattem). By way of ex- 
ample, the single-way test patterns and the dual-way 
test patterns are printed to be aligned alternately in the 
sub-scanning direction as shown in Fig.23. The dual- 
way test pattern is printed at a variety of dot print timings, so 
[0082] The printer 22 of this structure allows direct 
comparison between the single-way test pattern repre- 
senting the ideal state and the currently printed test pat- 
tern, without using any one of the specific test pattem 
printing sheets described in the first embodiment. This ^5 
structure accordingly enables the dot print timing to be 
adjusted relatively easily at a high accuracy The printer 
of this structure enables even an unskilled user of the 



printer who is unfamiliar with the test pattems to easily 
and accurately adjust the dot print timing. 
[0083] The single-way test pattem and the dual-way 
test pattern may be printed at any positions that allow 
direct comparison therebetween. For example, the dual- 
way test patterns may be printed between the single- 
way test patterns aranged at a predetemined interval 
atongthe right end and the left end of the printing sheet 
as shown in Fig.20. In another example, the dual-way 
test patterns may be printed between the single-way test 
pattems arranged at a predetermined interval along the 
upper end and the lower end of the printing sheet as 
shown in Fig.21. In still another exannple, the dual-way 
test pattems may be printed below the single-way test 
pattem arranged at a predetermined position in the 
printing sheet as shown in Fig.22. Although there is an 
interval between the single-way test pattem and the du- 
al-way test pattem in the examples of Figs. 18 through 
21, these test patterns may be printed in contact with 
each other. 

[0084] The following describes a printer 22 as a third 
embodiment according to the present invention. The 
printer 22 of the third embodiment has the same hard- 
ware structure as that of the printer 22 of the first em- 
bodiment, but prints a different test pattern from that of 
the first embodiment shown in Fig.11. 
[0085] The printer 22 of the third embodiment prints 
a test pattem that causes a moire pattem. The moire 
pattem denotes light-dark stripes created by the inter- 
ference of parallel lines arranged at equal intervals with 
other dots. Fig.26 shows an example of the moire pat- 
tern. The moire pattem shown in Fig.26 is created by 
superposing oblique parallel lines shown in Fig.25 
(hereinafter referred to as the reference lines) upon ver- 
tical parallel lines shown in Fig.24. In the description be- 
low, parallel lines created by only either one of the for- 
ward course and the backward course are referred to 
as reference lines, and other patterns are referred to as 
inspection patterns. The printing result obtained by su- 
perposing the reference lines upon the inspection pat- 
tern is called a test pattem. 

[0086] In this embodiment, part of the parallel lines 
constituting the inspection pattem of Fig.24 are created 
in the course of the forward motion of the main scan, 
whereas the rest are created in the course of the back- 
ward motion of the main scan. The reference lines of 
Fig-25 are fomried only in the course of the backward 
motion of the main scan. Fig.27 is an enlarged view 
showing a test pattem recorded at the optimum print tim- 
ing in this embodiment. In Fig.27, circles denote the dots 
formed in the course of the forward motion of the main 
scan, whereas squares denote the dots formed in the 
course of the backward motion of the main scan. 
[0087] The forward course of the main scan creates 
dots located at positions of the odd ordinal numbers in 
the sub-scanning direction among the dots constituting 
the vertical parallel lines of Fig.24. The backward course 
of the main scan, on the other hand, creates dots located 
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at positions ot tlie even ordinal numbers in the sub-scan- 
ning direction. Wlien these dots are printed at the ap- 
propriate timings, vertical parallel lines are created as 
the inspection pattern as shown in Fig.27. The backward 
course of the main scan also creates dots constituting s 
the reference lines of Fig.25. Formation of these dots 
results in the moire pattern with the width W1 of the 
stripes shown in Fig.26. 

[0088] Fig.2B shows the dots created when the for- 
ward course and the bacl^ward course of the main scan io 
have different print timings. For clarity of illustration, only 
the dots corresponding to the inspection pattern of Fig. 
24 are shown in Fig.28. Deviation of the print timing of 
the backward course from the print timing of the forward 
course prevents formation of vertical parallel lines, is 
which are supposed to be created as the inspection pat- 
tern. The reference lines, which are formed only in the 
course of the backward motion of the main scan, are, 
on the other hand, created at fixed intervals irrespective 
of the print timing. 20 
[0089] Fig. 29 shows a moire pattem where the print 
timing is deviated. It is clearly understood that the width 
W2 of the stripes in the moire pattem of Fig.29 is signif- 
icantly different from the width W1 in the moire pattem 
printed at the appropriate print timing shown in Fig.26. 25 
Even a slight deviation of the dot print liming results in 
a significant variation in width of the stripes in the moire 
pattem. 

[0090] The graph of Fig.30 shows a variation in width 
of stripes In the moire pattem plotted against the devi- 30 
ation of the dot print timing. In the example of Fig.30, 
the inten/ats of the vertical parallel lines as the inspec- 
tion pattem and the reference lines are both set equal 
to 0.7 mm, and the vertical parallel lines intersect the 
reference lines at an angle of 5 degrees. The deviation 3S 
of the print liming is given as the deviation of the interval 
in the main scanning direction between the dots created 
in the f onward course of the main scan and the dots cre- 
ated in the backward course at the currently specified 
print timing from the interval between these dots printed 40 
at the appropriate print timing. In the graph of Fig.30. 
the deviation of the print timing is plotted as the abscis- 
sa, and the width of the stripes in the moire pattern as 
the ordinate. The deviation of the print timing is substan- 
tially proportional to the width of the stripes in the moire ^5 
pattern as shown in the graph of Fig.30. In this example, 
the variation in width of the moire stripes is approximate- 
ly 30 times the deviation of the print liming. The relation- 
ship between the deviation of the print timing and the 
width of the moire stripes is varied according to the angle ^0 
at which the inspection pattem intersects the reference 
lines. There is a tendency for the plot to deviate from the 
linear relationship with an increase in angle of the inter- 
section. The results of observation of the moire patterns 
at various angles ot the intersection show that the angle ss 
in the range of approximately 2 to 1 0 degrees is suitable 
for the adjustment of the print timing. 
[0091] As discussed previously, the printer 22 of the 



third embodiment takes advantage of the moire of the 
test pattem and enables the print timings of the forward 
course and the backward course of the main scan to be 
readily adjusted at a high accuracy A variation in moire 
pattem is extremely prominent, so that even an unskilled 
user of the printer who is unfamiliar with test patterns 
can adjust the print timing easily and accurately. Use of 
non-ink blotting special paper further improves the de- 
tection accuracy of the deviation and thereby the accu- 
racy of adjustment of the print timing. 
[0092] The test pattem that causes a moire pattem is 
not restricted to the arrangement discussed above as 
the third embodiment, but a variety of test patterns nnay 
be applied for the same purpose. In one example shown 
in Fig. 31 , the inspection pattern consists of the vertical 
lines formed in the course of the f onward motion of the 
main scan (shown as LI) and the vertical lines fonmed 
in the course of the backward motion of the main scan 
(shown as 12), which appear alternately in the main 
scanning direction, whereas the reference lines are ob- 
lique parallel lines. In the inspection pattern discussed 
in Fig.27, each vertical line is completed by dual-way 
printing. In the inspection pattem of Fig.31 , on the other 
hand, each vertical line is completed by single-way print- 
ing. Where the print timing is deviated, the interval be- 
tween the vertical parallel lines is varied to change the 
moire pattem as shown in Fig.32. 
[0093] In accordance with one modification, the in- 
spection pattem consists of oblique parallel lines, 
whereas the reference lines are vertical parallel lines as 
shown in Fig. 33. In this case, the inspection pattern in- 
cludes the oblique parallel lines LI created in the course 
of the forward motion of the main scan and the oblique 
parallel lines L2 created in the course of the backward 
motion of the main scan, which appear alternately in the 
main scanning direction. In this modified arrangement, 
the test pattern of Fig.31 is also formed at the appropri- 
ate print timing. When the print timing of parallel lines is 
deviated, on the other hand, the inten^a! between the 
oblique parallel lines is varied to change the moire pat- 
tern as shown in Fig. 33. 

[0094] In another example, both the inspection pat- 
tern and the reference lines may consist of the vertical 
parallel lines. Fig.34 shows the reference lines in this 
example. The inspection pattern is identical with the pat- 
tern shown in Fig.24. The reference lines shown in Fig. 
34 are vertical parallel lines arranged at a greater inter- 
val than that of the inspection pattem. Superposing the 
inspection pattern upon the reference lines causes light- 
dark stripes to appear as shown in Fig. 35. Where the 
print timing is deviated, the inten/al between the vertical 
lines constituting the inspection pattern is varied. Super- 
posing the inspection pattem upon the reference lines 
in this case changes the light-dark stripes as shown in 
Fig.36. Like this example, the test pattern may be cre- 
ated by the inspection pattem and the reference lines 
Vi/hich are parallel to each other 
[0095] In still another example, the normal dither ma- 
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trix discussed in the first emtxxiiment may be used as 
the inspection pattern. Fig.37 shows the Inspection pat- 
tern of the normal dither matrix. The reference lines 
used here are the obttque parallel lines shown In Fig.25. 
Superposing the inspectbn pattern upon the reference 
lines causes a moire pattern as shown in Fig.3e. When 
the print timing is deviated, the dots constituting the in- 
spection pattern have a variation in density in the main 
scanning direction, which causes a change of the moire 
pattern as shown in Fig. 39, A variety of other test pat- 
terns that cause a change of the moire pattern due to a 
deviation of the print timing may be adopted for the same 
purpose. For example, curves or radially arranged linear 
lines may be used as reference lines. . 
[0096] The printing media discussed in Figs. 16 
through 19 are also applicable to the printer 22 of the 
third embodiment. Using a printing medium on which a 
moire pattern is printed in advance at the ideal print tim- 
ing enables the print timing to be adjusted appropriately. 
The ideal test patterns may be recorded by single-way 
printing as shown in Figs. 20 through 23. 
[0097] The test pattern of the third embodiment may 
be realized by a printing medium shown in Fig.40. Ref- 
erence lines are printed in advance in the central portion 
of the printing medium shown in Fig.40. The printer 22 
prints only the inspection pattern out of the test pattern 
discussed above in the area where the reference lines 
are printed in advance on the printing medium. Super- 
posing the inspection pattern printed by the printer 22 
upon the pre-printed reference lines causes a moire pat- 
tern and enables adjustment of the print timing. 
[0098] A printing apparatus given as a fourth embod- 
iment according to the present invention reads a printed 
pattern with an internal camera and automatically ad- 
justs the print timing. Fig.41 schematically illustrates 
structure of a printer 22 A of the fourth embodiment. The 
printer 22 A of the fourth embodiment has a sim ilar struc- 
ture to that of the printer 22 of the first embodiment. The 
difference from the printer 22 of the first embodiment is 
that the printer 22A is provided with a CCD camera 1 9. 
The CCD camera 19 is fixed in a sheet stacker in order 
to input a printed image. The CCD camera 19 is con- 
nected to the control circuit 40, so that the image read 
with the CCD camera 1 9 is input into the control circuit 
40. Like the structure of the first embodiment, the printer 
22A is connected to the computer 90 and carries out 
printing in response to an instruction given from the 
printer driver 96, 

[0099] The flowchart of Fig. 42 shows a routine of au- 
tomatically adjusting the print timing in the printer 22A. 
This routine is executed by the CPU of tha computer 90 
in response to an instruction given from the printer driver 
96 to adjust the print timing. Alternatively the routine 
may be executed by the CPU included in the control cir- 
cuit 40 of the printer 22A. 

[0100] When the program enters the routine, the CPU 
initializes an index IP, which specifies the print timing to 
one at step 8100, and prints a test pattern at the print 



timing according to the value of the index IP at step 
8110. In this embodiment, the test pattern printed here 
causes a moire pattern as discussed in the third embod- 
iment. The print timing according to the value of the in- 
s dex IP is set based on the value stored prevtously in the 
PROM 42 of the control circuit 40. 
[0101] After printing the test pattern, the CPU reads 
the printed image shot with the CCD camera 19 at step 
8120. The CPU also analyzes the density of the input 
10 image data and measures the width of the stripes in the 
moire pattern. At subsequent step 8130, the CPU de- 
termines the deviation of the print timing based on the 
width of the moire stripes. There is a substantially pro- 
portional relationship between the width of the stripes in 
'5 the moire pattern and the deviation of the print timing as 
shown in the graph of Fig.30. The CPU accordingly 
reads the deviation of the print timing corresponding to 
the observed width of the moire stripes from the propor- 
tional relatkjnship previously stored in the ROM at step 

20 S1 30. The deviation of the print timing is nrwpped to the 
value of the index IP and stored into the RAM. The print- 
ing medium used in this embodiment is a transparent 
medium, which allows the printed image to be appropri- 
ately input with the CCD camera 1 9. 

2S [01 02] The CPU then increments the index IP by one 
at step 8140 and determines whether or not the index 
IP is greater than 5 at step SI 50. The arrangement of 
the embodiment selects the optimum print timing among 
preset five different print timings, in order to adjust the 

30 print liming. Where the index IP is not greater than 5 at 
step 81 50, the program repeats the processing of steps 
S110 through S150 with the updated index IP Fig.43 
shows a test pattern printed in this embodiment. As il- 
lustrated in Fig.43, the test pattern is printed at five dif- 

3S ferent print timings in this embodiment. The deviations 
of the print liming corresponding to the five indexes IP 
are stored into the RAM through the repeated process- 
ing of steps 8110 through 8150. 
[0103] The CPU selects the index IP corresponding 

40 to the optimum print liming among the deviations of the 
print timing thus stored in the RAM at step 81 60. A gen- 
eral procedure selects the index I P corresponding to the 
minimum deviation. At subsequent step 8170, the CPU 
stores the selected index IP into the PROM 42 of the 

45 printer 22A, so as to update the setting of the print tim- 
ing. This completes the adjustment of the print timing. 
[01 04] The printer 22A of the fourth embodiment can 
automatically adjust the print timing. This arrangement 
enables adjustment of the print timing at a high accuracy 

50 since the deviation of the print timing is measured ob- 
jectively prior to the adjustment. The structure enables 
even an unskilled user of the printer who is unfamiliar 
with the test patterns to adjust the print timing at a high 
accuracy. 

55 [0105] The structure of the fourth embodiment prints 
the test pattern at five different print timings. One pos- 
sible modification prints the test pattern only at one print 
timing. As described previously, the width of the stripes 
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in the moire pattern correlates to the deviation of the 
print timing. The modified arrangement accordingly 
prints the test pattern at only one print timing and refers 
to the correlation stored in advance, In order lo deter- 
mine the deviation of the print timing. The procedure 
then adjusts the print timing by an amount con-espond- 
ing to the deviation to realize the favorable print liming. 
The adjustment of the print timing may be carried out in 
this manner. 

[0106] In the embodiments described above, the 
computer activates the printer according to the program 
for realizing the required functions and thereby causes 
the printer to print a test pattern. Another application of 
the present invention is thus a recording medium, on 
which a program for realizing the above functions is 
stored. The program for realizing the above functions is 
stored in a computer readable recording medium, such 
as a floppy disk or a CD-ROM. The computer reads the 
program from the recording medium and transfers the 
input program into its internal storage device or external 
storage device. Alternatively the program may be sup- 
plied to the computer via a communications path. The 
microprocessor in the computer executes the program 
stored in the internal storage device or the external stor- 
age device to realize the functions of the program. In 
accordance with another possible procedure, the com- 
puter directly reads and executes the program stored 
on the recording medium. 

[0107] The computer used in the above embodiments 
is not specifically restricted but may be any computer 
that has a CPU, a HAM, a ROM, and an input unit and 
executes programs to realize the functions described 
above. The computer may be incorporated in the printer 
Available examples of the recording medium include 
flexible disks. CD-ROMs, magneto-optic discs, IC 
cards, ROM cartridges, punched cards, prints with bar- 
codes or other codes printed thereon, internal storage 
devices (memories, such as a RAM and a ROM) and 
external storage devices of the computer, and a variety 
of other computer readable media. 
[0108] The present invention is not restricted to the 
above embodiments or their applications, but there may 
be many modifrcations, changes, and alterations with- 
out departing from the scope or spirit of the main char- 
acteristics of the present invention. For example, part of 
the functions realized by the software in the above em- 
bodiments may be realized by the hardware, and vice 
versa. 

[0109] It should be clearly understood that the above 
embodiments are only illustrative and not restrictive in 
any sense. The scope of the present invention Is limited 
only by the terms of the appended claims. 



Claims 

1 . A method of printing a test pattern on a printing me- 
dium by driving a print head to create dots while car- 



rying out a main scan, which moves said print head 
forward and backward relative lo said printing me- 
dium in a main scanning direction, said method 
comprising the steps of: 

s 

(a) creating dots at a first timing that forms a 
first pattern in the course of the main scan in 
the forward direction, wherein said first pattern 
comprises a dark portion having a certain area 

'0 and a light portion having an area greater than 

the area of said dark portion that alternately ap- 
pear at a first cycle in the main scanning direc- 
tion in a predetermined first section of said 
printing medium; and 

(b) creating dots at a second timing that are 
supposed to form a second pattern in the 
course of the main scan in the backward direc- 
tion, wherein said second pattern comprises a 
dark portion having a certain area and a light 

so portion having an area greater than the area of 

sard dark portion that alternately appear at a 
second cycle in the main scanning direction in 
a predetermined second section of said printing 
medium, said predetermined second section at 

25 least partly overlapping said predetermined 

first section, and wherein said dark portion of 
said first pattern and said dark portion of said 
second pattern appear at a fixed intenral in the 
main scanning direction in said overlapped ar- 

30 ea. 

2. A method in accordance with claim 1 , wherein said 
step (a) creates a plurality of dots that are apart from 
each other by a predetermined first interval in the 

35 main scanning direction and apart from each other 
by a predetermined second interval in a sub-scan- 
ning direction, and 

wherein said step (b) creates a plurality of 
dots at positions that are to satisfy at least either 

40 one of a position that is apart from each of said plu- 
rality of dots created in said step (a) by approxi- 
mately half the predetermined first interval in the 
main scanning direction and a position that is apart 
from each of said plurality of dots created in said 

^5 step (a) by approxinnately half the predetermined 
second interval in the sub-scanning direction. 

3. A method in accordance with claim 1 or 2, wherein 
either one of said step (a) and said step (b) forms a 

50 third pattern superposed upon said first pattern and 
said second pattern, said third pattern enabling a 
relative deviation of a printing position of said sec- 
ond pattern from a printing position of said first pat- 
tern to be observed as the appearance of light-dark 

^5 stripes. 

4. A printing apparatus that drives a print head to cre- 
ate dots while carrying out a main scan, which 
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moves said print head forward and backward rela- 
tive to said printing medium in a main scanning di- 
rection, said printing apparatus carrying out a sub- 
scan that moves said printing medium relative to 
said print head in a sub-scanning direction, which s 
Is perpendicular to the main scanning direction, 
thereby printing an innage on said printing medium, 
said printing apparatus comprising: 

a forward-course pattern fomiation unit that io 
drives said print head at a first timing that forms 
a first pattern in the course of the main scan in 
the forward direction, wherein said first pattern 
comprises a dark portion having a certain area 
and a light portion having an area greater than is 
the area of said dark portion that alternately ap- 
pear at a first cycle in the main scanning direc- 
tion in a predetermined first section of said 
printing medium; and 

a backward-course pattern formation unit that so 
drives said print head at a second timing that is 
supposed to form a second pattern in the 
course of the main scan in the backward direc- 
tion, wherein said second pattern comprises a 
dark portion having a certain area and a light 
portion having an area greater than the area of 
said dark portion that alternately appear at a 
second cycle in the main scanning direction in 
a predetemnined second sectbn of said printing 
medium, said predetermined second section at 30 
least partly overlapping said predetermined 
first section, and wherein said dark portion of 
said first pattern and said dark portion of said 
second pattern appear at a fixed interval in the 
main scanning direction in said overlapped ar- 3S 
ea. 

5. A printing apparatus in accordance with claim 4. 
wherein said forward-course pattern formation unit 
drives said print head to create a plurality of dots 40 
that are apart from each other by a predetermined 
first inlen/al in the main scanning direction and apart 
from each other by a predetermined second interval 

in a sub-scanning direction, and 

wherein said backward-course pattem forma- -^s 
tion unit drives said print head to create a plurality 
of dots at positions that are to satisfy at least either 
one of a position that is apart from each of said plu- 
rality of dots created by said f onward-course pattern 
formation unit by approximately half the predeter- so 
mined first interval in the main scanning direction 
and a position that is apart from each of said plural- 
ity of dots created by said forward-course pattem 
formation unit by approximately half the predeter- 
mined second interval in the sub-scanning direc- ss 
tion. 

6. A printing apparatus in accordance with claim 4 or 



5, wherein said print head comprises a plurality of 
nozzles that are disposed at a predetermined noz- 
zle interval, which is greater than a printing pitch of 
dots in the sub-scanning directbn, 

one of the predetermined second interval and 
the predetermined nozzle inten/al being an integral 
multiple of the other. 

7. A printing apparatus according to claim 4, 5 or 6, 
wherein said first pattem and said section pattern 
comprise a plurality of parallel lines arranged at an 
equal interval in the main scanning direction. 

8. A printing apparatus in accordance with any of 
claims 4 to 7, wherein said dark portion of said first 
pattem and said dark portion of said second pattern 
alternately appear in the main scanning direction at 
a spatial Irequency of 0.4 to 2.0 cycles / mm in said 
overiapped area. 

9. A printing apparatus in accordance with any of 
claims 4 to 8, wherein either one of said forward- 
course pattem formation unit and said backward- 
course pattem formation unit drives said print head 
to form a third pattern superposed upon said first 
pattem and said second pattern, said third pattern 
enabling a relative deviation of a printing position of 
said second pattem from a printing position of said 
first pattern to be observed as the appearance of 
light-dark stripes. 

10. A printing apparatus in accordance with claim 9. 
wherein said third pattern comprises a plurality of 
parallel lines arranged at a fixed interval. 

11. A printing apparatus in accordance with claim 9 or 
10, wherein each of said first pattern and said sec- 
ond pattem comprises a plurality of parallel lines ar- 
ranged at a predetermined interval. 

12. A printing apparatus in accordance with claim 9, 
wherein said third pattern comprises a plurality of 
parallel lines thai obliquely intersect a plurality of 
parallel lines constituting said first pattern and said 
second pattern at a predetermined angle. 

13. A printing apparatus in accordance with claim 12, 
wherein said predetermined angle is in a range of 
not less than 2 degrees and not greater than 1 0 de- 
grees. 

14. A printing apparatus in accordance with any of 
claims 9 to 1 3, said printing apparatus further com- 
prising: 

a camera with which a pattem printed on said 

printing medium is shot; and 

a detection unit that detects the relative devia- 
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tion of the printing position of said second pat- 
tern from the printing position of said first pat- 
tern based on light-dark stripes appearing in 
said pattern shot with said camera. 

s 

15. A printing apparatus in accordance with claim 4, 
said printing apparatus further comprising; 

a single- way pattern formation unit that drives 
said print head during the main scan only either in 
the forward direction or in the backward direction to io 
print a pattern that is to be formed by both said for- 
ward-course pattern formation unit and said back- 
ward-course pattern formation unit in a specific area 
on said printing medium, said specific area being 
different from said predetermined first section in '5 
whbh said first pattern is formed by said forward- 
course pattern formation unit and said predetemi- 
ined second section in which said second pattern is 
formed by said backward-course pattern formation 
unit. 20 

16. A printing medium used in a method of printing a 
test pattern in accordance with claim 1 , wherein a 
test pattern to be formed in said step (a) and in said 
step (b) is printed in advance in a specified area at 2S 
an optimum dot fomnation timing during the main 
scan in the backward direction, wherein said spec- 
ified area at least partly does not overlap said pre- 
determined first section in which said first pattern is 
formed in said step (a) or said predetermined sec- 30 
ond section in which said second pattern is formed 

in said step (b). 

17. An inspection printing medium used in a method of 
printing a test pattern in accordance with claim 1 . 3S 
said inspection printing medium having a third pat- 
tern that is printed in advance in a specified area of 
said inspection printing medium, wherein said spec- 
ified area at least partly overlaps said predeter- 
mined first section in which said first pattern is 40 
formed in said step (a) and said predetermined sec- 
ond section in which said second pattern is fonned 

in said step (b), and wherein said third pattern en- 
ables a relative deviation of a printing position of 
said second pattern from a printing position of said 45 
first pattern to be observed as appearance of light- 
dark stripes. 

IB. A method of designing a test pattern for a printer 
that creates dots while carrying out a main scan and so 
moves a print head forward and backward relative 
to a printing medium, the pattem being fomied by 
the main scan both in the forward direction and in 
the backward direction, 

wherein said test pattem comprises a plurality ss 
of dots created at a predetermined interval in a pre- 
detemnined area, and 

said method comprising the steps of: 



specifying a spatial frequency that gives a max- 
imum visual sensitivity of a human's eye with 
respect to lightness; and 
determining said predetermined interval of saki 
dots, in order to cause a spatial frequency of 
said test pattern to be substantially equal to 
said specified spatial frequency 

19. A method of printing a test pattern on a print medium 
by driving a print head to create dots while carrying 
out a main scan in fonvard and backward scanning 
directions, the method comprising the steps of: 

creating a first pattem during a forward scan 
comprising alternating dark and light portions, 
the light portions being greater in area than the 
dark portions; and 

creating a second pattern during a backward 
scan comprising alternating dark and light por- 
tions, the light portions being greater in area 
than the dark portions and the second pattern 
overlapping the first pattern, the dark portions 
of the first and second pattems, when print tim- 
ing is appropriate, being regularly spaced apart 
in the main scanning direction. 
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